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(57)Abstract 

PROBLEM TO BE SOLVED: To improve flexibility of design and 
manufacturability in a bistable system. 

SOLUTION: A bistable microelectromechanical system (MEMS) 
based system 100 comprises a micromachined beam 1 10 having a 
first stable state, in which the beam 110 is substantially stress-free 

and has a specified non-linear shape, and a second stable state. ^Q? 
The curved shape of the beam 1 10 may comprise a simple curve or -0' 
a compound curve. In embodiments, the boundary conditions 112 for 
the beam 110 are fixed boundary conditions, bearing boundary 
conditions, spring boundary conditions, or a combination thereof. 
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04^tf5R^iS/J^T^*St'X^A (MEMS) CCS 

->*^a 1 0 0 *»«■*•&. m 1 1 o o»ift^tt« 

te^r. gU 1 0©«»*frl 1 2tt. 



100 




no 
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1 ] 

2 ] 

m 2 -fss^nfl z&mi-z wmis* 1 , 

mrK4?4 < t i> lfi(7)«2^5Et)cii:SSi(:, < t *> 1 4B(7}|££#.it $ -fri 

ts^ig 3 Ktzm<o^m^ o r, 

m* 0 v ^9 7 4 k x *) Mfe-rz* f7 7 , ^^ii *mm. t?& xm 0 

miB^S^hm^Mv^xAfiltriBarii^^-HP^LT^it 
[ 0 0 0 1 ] 

*fPJ^ MI?«yXfA (MEMS) ££-2<«ift^ «t tr^4 < t 1 m<D%L 
^(bistable) «££*tr1^hW?««S'*;fA (MEMS) i:|c'<yxf 

[ 0 0 0 2 ] 
[*£*<?)&%] 
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&£SS*fcov>Ttt, i/Mfli^^fA (MEMS) K^o* < ->7fAf«)ffl« 

f- y ?\ «t ^7f> ^4 tell S tLT v& o 

[ 0 0 0 3 ] 

7^t£(f, ^np< *^*;i/^5E->7.r Hf'f 7 (M. T. A. Saif 

) Ciot, 2 0 0 0 #6 ^^T^/hm^-#^->^rATiJtT^^9%, # 2 H§\ 15 7 
~ 1 7 0l« nU"|B]fim&5eMEMSSjF&i:*!& ( "0 n a Tunable Bis 
table MEMS - Theory andExperiment", Jour 
nal of Microelectromechanical Systems, V 
ol.9, No. 2, pp. 157-170, June 2 0 0 0 ) s tWfrXfo 1 J 

[0 0 0 4 ] 

ja3EP<^*|»5&<^jg!l^>«nli: LTli^ (V a n g b o) ftlcUIl^, 1 9 9 8 ¥T!l 

ft<D~v( ? npt ij=.ij)V^ ^ dx'/^T'J >^8-5§s 2 9 - 3 2 1^ ["St^fnJfcf-^ 
( "A Lateral S y mm etrically bistable 
buckled bea m" J. Micromech. Mi c r eng. , 8 ( 

1 9 9 8 )). $mmxn2\ tsa«?*LTv^* 0 * * $ n % Jtt^itoa-ffra. 

I/MfWy^fA (MEMS) ti^<HfK^ty 7°ita6Sft, tfftTJ 
SM*-*- Si^: SMb&S ? *lt v> * <b * v» li JR± fcfe* $ ft fcJEflt&JISrfiix. Tv^ * 

o 

[0 0 0 5 ] 

(Quenzer) fl&fctt-S- $ ftfcfcBflptf* 6 , 1 6 8, 3 9 5^ (#* 

^Jo C<^^5ET^^a.o.-^(i > #7Jtfi^J:oTeS&3ft*M*IR»**fr 0 *P 
&f±* 1 o<7)^Jg|£T§l5K3l< fc> 3B«?»R* l W , L±»f £ft& fc v>3 i »c, Rf^ffl-CKi 

[0 0 0 6] 

fcf 7 (H i c hwa) ii:ff4?mi^6, 3 0 3, 8 8 5^-(#lf»2) 

[0 0 0 7 ] 

[#ff «c l ] 

-*m$mm6, ies, 3 9 5fB»f 

[#W-XK 2 ] 
*@#Bf^ 6, 3 0 3, 8 8 5fMt 
[##**$; 1 ] 

t^7, "On a Tunable Bistable MEMS- Theory 
and Experiment", Journal of Microelectro 
mechanical Systems, Vol. 9, No. 2, pp. 157—1 
70, June 2000 

A^5K-fife v "A lateral Symmetrically bistable b 
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uckled beam" J. Micromech. Micreng. ,8(19 
98), pp. 29-32 
[0 0 0 8 ] 

[&mmvk lx^ t mm] 

g W tt , ft* Mi- 4 liia L HJB^l * J: « 0»t^t4iti:*4* 
[0 0 0 9 ] 

[0010] 

[0011] 

{&M"I~^> o 
[0012] 

[0013] 
[0014] 

o 

[0015] 

o 

[0016] 

3 *l fc R£ SefHKf *«#-T * . 
[0017] 

o 

[0018] 
[0019] 

*IM8 « * -> * t- A * J: f± , 4 5U > t jel&lKS ^n<H-t 

[0 0 2 0 ] 

[0 0 2 1 ] 

[0 0 2 2 ] 
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#»w fcfc a traffic Sfcsot, r a */Bv*fc«aE*»ft-j-* 

[ 0 0 2 3 ] 

:M&Wfc«*->*rAJ3J:traifeti\ ifcjfflfc, « 1 £SettS8fc**3l$cSe*0»f lfi 
[ 0 0 2 4 ] 

[ 0 0 2 5 ] 

fcHWCfc* v^-r A£«fc traffic Sfcfllfc, 7> h 7^*^#trSlS5EVXx A^r^f 
[0 0 2 6 ] 

(MEMS) C|o'<y^rAli> ^MMiJPlS WlT^T, f^^^fi t A>t' 

*v>T, 3r5few*»3&»«ttt, fcfcittf, fiUIU-o 4% *#tr 

[0 0 2 7 ] 

[0 0 2 8] 
[0 0 2 9 ] 

(MEMS) C*o*< ->^-rAfi, S *t o T > it^li 4 A> f 

s l &<m.Vm km 2 *SfettS8«!>H"^»ill*rtt^-*-fc*fc8B:»t?>*LfcT^^ ai- * 4 , 
l&O^ 1 ftSfe^SRt * 2 ftJfett»©M<0»KiK:|feoT5|!s 1 l£g4 If§ 2 ^m^M £#Hl?- * 
RTfij5g^4. £#tf 0 T9*a.x--9\t* W7 2 <f- a- 9 ^ ItlT^fai-^ JEM 

, ®[T^f-a.^-^»ivy/^#«7^"?-a.Jt-^ (zippering elect 
rostatic actuator) ^^ts 0 
[ 0 0 3 0 ] 

*ftWw>^fA^ J: traffic ov*T<&#tt**JBaio«-ci±, # lr&a*** i ^iRjcepin 

«*M-j-4»i Scs^s**?-****, ssi %fc&mfrh%2&tefcmKm : Y-tz>o mi 

[0 0 3 1 ] 
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[0 0 3 2 ] 

y^fHJ; K ft s f. <7)#!) K £ ^ T, RSg«/hm : f-««>' * 

fA (MEMS) i:io*<-^fAli, *0*lftfett3R^MJiE-f-43rSlO*»»3g«* 

, 3MKifi#i£l4, IK, #Se<t)v*> HJ (geometry) Kft&J:? K**'J 

Kfcv>T, f^y*^ h 'J ££"r* «t ? K|j££'J 7^77^ Hi «9^5c1"*^r ^ 7*fi 

K, 'J V ^7 7 ^: J: >) l£t4 x f y 7"^ttf . *tt*tt#aR-ei4, *<oK$* f * 
<om* < «k o i;^g?*giLt, »fctt**«>iiin<oM*fill*-*-*o 

[ 0 0 3 3 ] 

? K^£U Vifyy 4 KJ: «9^5fe1-*^T-y #5ect) : E£ > #5e<t>i|H, #5eo;U$, 

v -ftttto 
[ 0 0 3 4 ] 

[0 0 3 5 ] 

««Lfc*«*Jfc»SRK:fe^"t\ »i£?3&f4, IK, &7*f-:*.x—*, il7^fa 

xfm-tz #a*MM-ef±, ^r^^i^-^, si7^ai-^ 

* El7^fax-^, is J: era* 7 < t «b l«^»:igLTii 

tJ7,T7 7^4, §If7^faX-^MtSXf'/ T'^^-tfo i^#t*il|-e 
(4, ^7^^o-^-^, |l7?f*x-^ ItiT^faX-^ Sitfl^T^f a 

[ 0 0 3 6 ] 

frH^n7,r^ T'Sr^'tr. 8yw*«**«3ffiKfev>T, IK, /J?* < 

t, *SJit^ffiti, IK, l'-HojRotfiaJWfifeftSr^jS-ra^^yy^-frtf 

0 *§ait^ffi(4, IK, m%&mR&ft*m&&b^tzm<DmW0kft*Mj£1-ZXTy7 

[ 0 0 3 7 ] 

W*Lfc4HI*Jiti&SBKfc^T, §££'J 7/77-J MfiUK^-TSMii^r ^ 7*f4, S 

01 (si l icon-on-insulator) -7 j. — s^Or'sij K^£/n*^ - 
-^nxf7 -/^-g-tfo #&i£#fttt, IK, r^M 7^;it^i£<7>f^flc7)*gifiUi££B 7 > 
lttKi^yf->*-LT|g£8?ifeT& fc*K, J»»ff *SBfl-«jKJILTjRS:*«K7>*±i6 
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[ 0 0 3 8 ] 

V> V 7 7- A i3 «fc rj^ft £ # & <7)0nj £ v> x , ->A7-2* ( 

MEMS) ^K^< ->j7 s -rZN(i, A*SStx Hrfjfflt, Xltififflm CoTil)*^ t % $fc 

, ^v^T-Afi, 3fc^5tA**^^#x.7t:^S/^xA-e^^ 0 1^L£SiJc7)^feft^iK 

Bl^isv^T, ^i/7-r^it, x-^M->^r A^-g-tfo 0J5j* U 7t JgU c^^^^Sk 
[ 0 0 3 9 ] 

[ 0 0 4 0 ] 
[0 0 4 1 ] 

^Wv^xA (MEMS) K^cX ->^-r A(± % *%>m<VttgLt %2><> TI5^I^B^{i. 
[0 0 4 2 ] 

#3PJ^#;i,->^xA££TO&^ ^^i/MIT-aM^^xA (MEMS) &c^o*< 
EMS) ^cXv^xAfi, ^WMiDX^tLTt^X^oT, I£^15£^-J&;b£5: 
i: I ^ I ^^/M^ 7 f A (MEMS) tlo'<y^rA|i, Kfhfcfctt* 

[0 0 4 3 ] 
[0 0 4 4 ] 

W/TLfe»lff^c*^t, l^»MflM->^fA (MEMS) i:lo'<y^ 
[0 0 4 5 ] 

fl^Lfc^il^lfiiBSKfc^T, mZVvryy-iKXV&fe-tZfimt, SOI (si 
1 icon-on-insulator) ■> x w^-f >>M 7^M\^^k^7 - =-V 9'-f2> 
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[ 0 0 4 6 ] 

B £ v> X , Ufa K Epflp £ ft* , ^ ?W|f*oT, 

J)D S ft* t , 2 fcj&RSR* 5> ^ 1 £ jeflcSR fc^fr "f * o 

[ 0 0 4 7 ] 

Wy^fA^-^MLTU^o !ttx.lf, MI+ttv^fA (MEMS) 
^7- a, i fett3JE#v'^T- A<ov»-f ft-e&oTfc <tv>o 4£ N |:y^f Ait 7*-*4&ffl 

T- A i fc it 7, 4 y f- y 7 v X f A Tab oTUV> 0 
[0 0 4 8 ] 

Mtf Lfc*3fcK jfcJBfR K. <£ ftff , |Si«M*nX^i3 J: ^flU^ v^f ? a ^ * - fj 

sittinsffi, fctxj*, mraufcy vr??* *f0jflL-c3i£5£**iiji-r*. 

[0 0 4 9 ] 

^BJ^^l^iSBi^C^S^/hm^M^X^A (MEMS) (CloXy^fAlOO 
<3ttfcia£0 1 fc^-To A 1 0 0 It EIK^S 1 jcS&RlR-«J*Lfc, l&osi&je 

mt, if fite, ffljso/i?* < t 1 o^[qi±-rso m.&&m 1 1 o it arao*##*# 1 

Ltlt 1 0 1 fc7>*Jh#3ft*o I^gtl 1 0 

fig? ft* J: ? i:gjg?tis 0 
[0 0 5 0 ] 

BTi^yni 2 0, fct£«r % i»v£l\ ft? r>f^& f*ffi»tT, nTIM 1 2 ortm 
£5e^1 1 0 t&KM< J: 0 MIILTUK 11 1 fcjS-f .fc d *7r^A 
*^K#J6-*-&5cflMfc3M 1 3 0 \±m$L 1 0 1 fcH£$ H* 0 
[ 0 0 5 1 ] 

* l **J&StoJM&EI*l8 2 K^To Htli, ^2^1fv|i:*S^ii io^L 
BvUi^i:, *TfiM 2 0»±> 3l«5e*l l 0 bXKmi ScjS#a8*&#2 

ScJEttStfiabL, Mr/Ai 3 0 £^!)4 fcf±gj£$ft* 0 HI 1 is J: 0*0 2 fcijj* 
LfciSfc, ^^5e^1 1 0 fc^FfcEPip-rSi:, Mfrfem 1 1 0 1 jcgttS t * 2 

[ 0 0 5 2 ] 

H 1 0*0 2 M.^'mm 1 1 0 £»HIT7* L£ 0 *<0dr£O#a»3B:Rfcfi, M 
$ft*fc<*>TMi*^o i^«t^»i, ^f^olPW^Ii, ^l^^l^tlsftt 
[0 0 5 3 ] 

*&m<om2%mwmK%*W4-%*m8.*s*T& (MEMS) C^<y^fA2 0 0 
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lOt, ^<Hlfi(?)7^f-aX-3' 2 4 0 t, *^tf 0 &£Se|£2 1 0 f4, iIi2J& 

2 1 2 £fflv>T&*2 0 1 K 7 ^ # lh*D S ftfto 
[ 0 0 5 4 ] 

nTfiM >^*2 2 0 £@2P,S: LT, nTIM 2 2 0rt*2Sl£ie&2 1 0 b^KW]< X o KflSfifc 
tSo bTK)^ >A2 2 Oti^ 7^faX-^ 2 4 0 <t o XM&fc&b £ 1 $c5&tfc5B 
j&»&#2 jcj&R3!ifcfMTl-*o T^fax-^ 2 4 Oil$5eS2 1 0 fcEPinl" ft* «fc 
ot\ m^5E^2 1 0 3c5gtfc*i:JIS2$je^SoM«r«|fttft. :o*Coi>Tli 
> S8«Jb*v»»iMS^fcEPJllLT'b «t < x ttz, $.££1^2 1 0 fcoSttticT^a 

[0 0 5 5 ] 

7**-j.^-* 2 4 0 {4, BEH.JB3n«75^tl, & ft VMi^HS&S ^ft glO V> -f n-c* o 

Tt, 2i^5E^*^5Et/ci^M-ei!i^-r*^enin-e§ft^m-e^)tLJdrj:v> 0 t^^-x- 

9 2 4 0 14, fcfc&tf, ^T^f-^x.-^, Il7^fax-^ El7 ? ^ a * „ 
[0 0 5 6] 

i^L^J:^:, »j:#l,f/M^->^fA (MEMS) K&o* < A *4, 
»>^fi», ifcttH-6->^^rAKl»*jiA/-CJ:v» 0 ^tx.»f, 114 fcfc*** Lfc 
i a ft^Xj *;f>mrA 3 0 0 14, 1*E081£SeIIS3 1 0 Sr-g-tro $.££3??; 
3 1 0(4, Bt*v»T, Brfe<*>iM&#EM**§T*, « i: ^ fSS* ££tt& 1 ftSett 
i*-e*£ it-cv^fto 

[0 0 5 7 ] 

$->^fA 3 0 0!i ! lCix.SX^7r'fA3 5 0 b\tij)%7 ^3 6 0 it, Zti? 
*U A£;b£ira£<att&tf 3 3 2, 3 3 4 b <fc $ KSStfcStlfto BT»^-f 7<^> 

^ W*3 2 0 (4, 3 3 2 <k 3 3 4 <£> ffl tC-fcS LT£ *) s &&1fflZSRmi6t. 

f 3 3 2, 3 3 4 LTfflM&fc^KrCi ft G WWi^A v*f-y?* V /1 3 2 0 £@21£ L 
Ts 81£5e*3 1 0 <fc 9 tc#Eg-r^ 0 PTKl^f y*3 2 0 i4, E! 4 

K*1-<fc?K> tzbx.a. m&t 3 2 20EyiJSrfl»^T^T<> <£</><> 
[0 0 5 8] 

l£fflKi3v>T, T^^i^-^ (0**1*) fcJ:oT#F*m£5E££3 1 0 fcepflDSft* 
^ 2H£5e&3 -1 0 »4. [24 fc*Lfc*l££tt|R*&l|&2£5&KSR (18**1*) KfMr 
1-fto RTi&^-f ?f>/> >^n*3 2 0**31.5656*3 1 0 b&K&M-fZ> £ t CioT, J5U 

3 2 2 *^^ll«f 3 3 2 3 3 4 WW *£<*<, ico^"C»4 % A*3fc7 r 
-fA3 5 0 O-^O5fcff<7)AA{±, fzbttf, &jj%i7 rA 3 6 0<DWX*D*)&z_ 

J:v> 0 THW}*->'*3 2 0 CO WW 3 2 2 ^^LT, il»|ti2$5E 

tJc&^IWfcfctf ft&&jElK3 1 0 ^a&fc^k-frTpTSM >/*3 2 0 *mfr-tZbK£-o 
Xjfc^*ty*)%!:X-X^ «tv> 0 IK, oTffij^ >'*3 2 0«««[f 3 2 2 f4, 

[ 0 0 5 9 ] 

l4C/TtJ:9^ f£2£5etfcIU4, X h-^!3 7 O^fAtSitt^ILTU^o 
^h?^3 7 0(4, 2SI-^Je^3 1 0O-** { , *ifc<7)£ 2 SS&RSBfc&l-* lfflfc* h?/-? 
3 7 0 bmb-?h i ^ HBBS? tLfto * h?^3 7 0 ^ ^ O J: ? K@2S1"ft t , S.$5e& 
3 1 0<O-i"^ ^2^It:j3WT^h7^3 7 0 i:^7X?til)„ Ccot^lf4, 
SL^^3 1 0*5 J: ^*RT®I> >A3 2 0t& ? , jE*^oflH*M» 2 *5EttSP.fcM* J: 9 ^tt 
IftTfto 0 4 K^i-X i 7. h y/<3 7 0 Cftjg 3 7 2 £18:^ Sftfe^^*ft».3c^ 
^3 1 0<D-3b7, h^;<3 7 0 OM^ji^WJ LT ^ «t i/^ c 
[0 0 6 0 ] 
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ti/^o MilWisJ:^*^ h «;*«*ROilli«4rfte-r*. 
[0 0 6 1 ] 

£jeLfci§8f:R$.?>N]fci3tt*#J0. 0 1 8 5mraOffiIt:S»tf»*LT^4, Ui'oT 
[0 0 6 2 ] 

IS£MI+«y^fA (MEMS) tjo' < y7.f Ali, *ISWK^oT, IgcT)^ 

3- * hj & jEm ^mm.x % s 0 

[0 0 6 3 ] 

tuf, ^ftjft^ffitt. It, ff5E<^->'^^ h ';**i"*J: d i:M'JV^7 7^ fcj: 
cogs, 59t5e<75i|js> * «t owfe*?**^* < t i> i o£ /z it®.$k*'5A,x £ (/->o 

[0 0 6 4 ] 
[0 0 6 5 ] 

-r*t> tzbjux, ®HLLttmxTv7>kWLt>LT, ftm ZW<-r*&2>& x-% #u -e & 

[0 0 6 6 ] 

77^ tcj: ija^Ltu^o *m t m^mi&m KJ^y lx 

[0 0 6 7 ] 

mv$&m*<D*m&B ! ?&m%i0 9 /4 6 7 , 526 -§•> io 9/4 6 8, 423^ ^j: 

tfj&O 9 /4 6 8, 1 4 1 ^15® S tLTl/^o #JOjS3Jfct£*tt, #BBffl^^#^^<7) 
4 i«fflr*ffll$«JR'4'O#II#l1 : aj®&0 9/7 18, 0 1 7-5§-£!Ett$*i-C^* 0 
[0 0 6 8 ] 

m (IC) fij|£ftic^>i Lti7.T y 7*^4, tlM£7n? ^^SrTIflfi, £«[ 
±H<ftM£jfcRLT 7* PJ 7 ^7 7 ^ MtA7 - r v^fs 7 7^b„ -ft# 



(ID ^^2004-25437 A 2004.1.29 

ttft^WiyfV^S, £tx_f;f, 7Mt7j<-« (HF) fc^fcHS-j-t fce ioT 
[0 0 6 9 ] 

[ BIS O ft* £8193] 

[mi] *»9§K«*R£s£*fc£-tf, ^IWvZtA (MEMS) <0#\%W& 

[02] HlfcBil * $ 2 £ s&fcSi -e* L fcftlfc 0 "Cfc * 0 

[IH 3] *$MBfc«*;R.3cS5*i: 7* »f?«->XrA (MEM 

S) <7>liS2*ifcra<^flP&|2-e&&<> 

[El 4] *HW^«aS.^^S:^-tr3fc^^^ *^>^->*x A<&£ifiBSI*# 1 £5e 
tfc ffl -C* L ft «& E9 -e & S o 
[ HI 5 ] ^ 2 ft jet*® £ L JSjftrtfcgl K & & E9 4 <D^mmm<0^ tt*|U^77 

1 0 0, 2 0 0, 3 0 0 ffi/Mf««5'^fA (MEMS) K^o'< ->^xA, 10 1 
,201 110, 210, 310 112, 212 1 3 

0 £1MfciM>v<, 2 4 0 T ? & ^ 3 0 0 ^^yfymrA, 

3 2 0 nrtM>^\ 3 3 2, 3 3 4 mW§, 3 5 0 A^7 7^^ 3 6 0 ft* 
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(57) [Abstract] 

[Technical problem] The flexibility and manufacturability of a design in 
a bistability system are improved. 

[Means for Solution] It is the beam 110 by which detailed machining was 
carried out, and the system 100 based on the bistability minute 
electronic mechanical system (MEMS) containing the beam 110 which has 
the 1st stable state in which this beam 110 hardly receives stress but, 
which it presents a predetermined nonlinear configuration, and the 2nd 
stable state is offered. The curve configuration of a beam 110 may also 
contain a simple curve or a compound curve. In an operation gestalt, the 
boundary condition 112 of a beam 110 is the boundary condition which 
combined fixed boundary condition, bearing boundary condition, spring 
boundary condition, or such boundary condition. 
[Selection Fig. ] drawing 1 
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CLAIMS 



[Claim(s)] 
[Claim 1] 

It is a system based on a bistability minute electronic mechanical 
system, 

The system based on the bistability minute electronic mechanical system 
which is at least one beam by which detailed machining was carried out, 
and is characterized by having the beam which has the 1st stable state 
in which this beam hardly receives stress but, which it presents a 
predetermined nonlinear configuration, and the 2nd stable state. 
[Claim 2] 

It is a system according to claim 1, 

The actuator formed in order to move said at least one beam between the 
1st stable state and the 2nd stable state, 

The movable component which moves between the 1st location and the 2nd 
location according to migration between the 1st stable state of said at 
least one beam, and the 2nd stable state, 
Furthermore, the system characterized by having. 
[Claim 3] 

It is the actuation approach of a system based on the minute electronic 
mechanical system using the system based on a bistability minute 
electronic mechanical system according to claim 1, 

The approach characterized by including the step which impresses the 1st 
force of moving said at least one beam from the 1st stable state to the 
2nd stable state in the 1st direction. 
[Claim 4] 

It is an approach according to claim 3, 

The approach characterized by including further the step which stops one 
beam even if this ** cannot be found before said at least one beam 
results in the 2nd stable state. 




[Claim 5] 

It is an approach according to claim 3, 

The approach characterized by impressing the 2nd force in the 2nd 
direction and including further the step which returns said at least one 
beam to the 1st stable state. 
[Claim 6] 

It is the manufacture approach of a system based on a bistability minute 
electronic mechanical system, 

The approach which is at least one beam and is characterized by 
including the step which specifies with lithography the beam which has a 
predetermined nonlinear configuration corresponding to the 1st stable 
state of this beam. 
[Claim 7] 

It is an approach according to claim 6, 

The approach characterized by including further the step which 
prescribes with lithography that said at least one beam has 
predetermined geometry. 
[Claim 8] 

It is a system based on the minute electronic mechanical system 
containing the system based on a bistability minute electronic 
mechanical system according to claim 1, 

The movable component prepared between the input section, the output 
section, and the input section and the output section is included, 
Said bistability minute electronic mechanical system adjoins said 
movable component, and is formed, 

Said movable component is a system characterized by moving between the 
1st location and the 2nd location according to migration between the 1st 
stable state of said at least one beam, and the 2nd stable state. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the system based on a minute electronic 
mechanical system (MEMS) including the structure based on a minute 
electronic mechanical system (MEMS), and at least one bistability 
(bistable) structure. This invention relates to such a manufacture 
approach of structure and a system, and the actuation approach of a 
system based on a minute electronic mechanical system again. 
[0002] 

[Description of the Prior Art] 

About the bistability beam, the application in the system based on a 
minute electronic mechanical system (MEMS) is known. Such a bistability 
beam is applied to a digital data storage, electronic formula switching, 
optical switching, etc. 
[0003] 

for example, the minute electronic mechanical-system publication 
magazine of the June, 2000 issue of a good alignment micro mechanical 
bistability system by SAIFU (M. T.A.Saif) — it is indicated by the 9th 
volume, No. 2, and 157-170-page "the good alignment bistability MEMS 
theory, an experiment ("On a Tunable Bistable MEMS-Theory andExperiment", 
Journal of Microelectromechanical Systems, Vol. 9, No. 2, pp. 157-170, and 
June 2000) and nonpatent literature 1." This bistability system consists 
of long and slender micro mechanical beams attached in the actuator. A 
beam is exposed to the lateral force which manifests itself in the 
middle of manufacture, and residual stress. In order that an actuator 
may generate compressive force to the shaft orientations of a beam, a 
beam is buckled in a longitudinal direction and results in one condition 
of two equilibrium. 
[0004] 

Explanation [ / else / BAMBO / (Vangbo) ] is indicated by the micro 
mechanical of publication, the micro engineering No. 8, 29-32 pages, and 
"a longitudinal direction symmetry bistability buckling beam ("A Lateral 
Symmetrically bistable buckled beam" J. Micromech. Micreng. , 8 (1998)) and 
nonpatent literature 2" as another example of well-known beam structure 
in 1998. As it is in the publication, the snap stop of the longitudinal 
direction symmetry bistability beam is carried out to the equipment 
based on a minute electronic mechanical system (MEMS), and it is held in 
an orientation according to the spring force. This beam is equipped with 



the compression coat to which it is oxidized so that tensile stress may 
be guided, or it was fixed on the beam including the beam on which, as 
for beam structure, the release mold stood straight. 
[0005] 

The bistability electrostatic actuator which used the pneumatics joint 
or the water pressure joint is indicated by U. S. Pat. No. 6, 168, 395 
(patent reference l) given to KUENTSUA (Quenzer) etc. This bistability 
actuator contains the buckling thin film section driven with an 
enclosure electrode. A thin film operates reactively as another thin 
film will be pushed up, if one thin film is lengthened in the lower part. 
Especially the bistability actuator was designed for the purpose of 
application on a micro bulb, and the electrode of a curve configuration 
is used for it. 
[0006] 

The electronic mechanical switch of bistability by which detailed 
machining was carried out is indicated by U.S. Pat. No. 6,303,885 
(patent reference 2) given to HICHIWA (Hichwa) etc. The switching device 
contained in this bistability switch is hung by two or more spring arms 
between the switch body sections. The spring arm is attached in the wall 
of the hollow body section of a central beam, and the wall of this 
spring arm and a beam in the air answers the motive power of an actuator, 
and deforms between stable states. 
[0007] 

[Patent reference 1] 

U.S. Pat. No. 6, 168, 395 specif ication 

[Patent reference 2] 

U.S. Pat. No. 6,303,885 specification 

[Nonpatent literature 1] 

SAIFU, "On a Tunable Bistable MEMS-Theory and Experiment", Journal of 
Microelectromechanical Systems, Vol.9, No. 2, pp. 157-170, and June 2000 
[Nonpatent literature 2] 

"A lateral Symmetrically bistable buckled beam" J. Micromech. [ besides 

BAMB0 ] Micreng. , 8 (1998), pp. 29-32 

[0008] 

[Problem (s) to be Solved by the Invention] 

As mentioned above, either of the hollow **** which form inclusion 
stress, impression compressive force, or an additional spring is needed 
for a well-known bistability beam. However, if the actuator for 
impression compressive force is added, a design and manufacture of a 
system will become complicated. Moreover, if it includes in a beam and 
stress is created, since control of inclusion stress is difficult, 



manufacture will become difficult. Furthermore, if hollow **** is added, 
a design and manufacture will become still more complicated. Therefore, 
the purpose of this invention is to eliminate the conventional trouble 
and other conventional failures about a bistability beam which were 
mentioned above. 
[0009] 

[Means for Solving the Problem] 

The system and approach concerning this invention are the bistability 
beam by which detailed machining was carried out, and offer the 
bistability beam which has the 1st stable state from which this beam 
hardly receives stress. 
[0010] 

The system and approach concerning this invention improve the 
flexibility in the design of a bistability system independently again. 
[0011] 

The system and approach concerning this invention reduce the complexity 

in the design of a bistability system independently again. 

[0012] 

The system and approach concerning this invention improve the 
manufacturability of a bistability system independently again. 
[0013] 

The system and approach concerning this invention reduce the magnitude 

and weight of a bistability system independently again. 

[0014] 

The system and approach concerning this invention reduce the 
manufacturing cost of a bistability system independently again. 
[0015] 

The system and approach concerning this invention offer independently 
the bistability actuation by which the engine performance has been 
improved again. 
[0016] 

The system and approach concerning this invention offer independently 
the bistability actuation by which at least one side of robustness and 
dependability has been improved again. 
[0017] 

The system and approach concerning this invention offer independently 
the bistability actuation by which effectiveness has been improved again. 
[0018] 

The system and approach concerning this invention offer independently 
the bistability beam whose rigidity outside a field improved again. 
[0019] 



The system and approach concerning this invention offer non-contact 
actuation of the bistability beam in one [ at least ] condition of a 
non-contact condition and a steady state independently again. 
[0020] 

The system and approach concerning this invention offer independently 

the switching which used the bistability system again. 

[0021] 

The system and approach concerning this invention offer the waveguide 

switch using bistability actuation independently again. 

[0022] 

The system and approach concerning this invention offer the attenuation 

using a bistability system independently again. 

[0023] 

The system and approach concerning this invention improve control of the 
1st location of the bistability beam in the 1st stable state 
independently again. 
[0024] 

The system and approach concerning this invention improve control of the 
2nd location of the bistability beam in the 2nd stable state 
independently again. 
[0025] 

The system and approach concerning this invention offer the bistability 
system containing a stopper independently again. This stopper contacts a 
bistability beam, when a bistability beam is in the condition near the 
2nd stable state between the 1st stable state and the 2nd stable state. 
[0026] 

In the example of the various operation gestalten concerning the system 
and approach of this invention, the system based on a bistability minute 
electronic mechanical system (MEMS) is the beam by which detailed 
machining was carried out, and contains the beam which has the 1st 
stable state in which this beam hardly receives stress but, which it 
presents a predetermined nonlinear configuration, and the 2nd stable 
state. In various operation gestalten, a predetermined nonlinear 
configuration contains a simple curve. In other various operation 
gestalten, a predetermined nonlinear configuration contains a compound 
curve, for example, four almost same radii etc. Furthermore, in another 
operation gestalt, a predetermined nonlinear configuration includes a 
series of segments. 
[0027] 

In the illustrated various operation gestalten, a beam has at least one 
fixed boundary condition. In another, various operation gestalten, a 



beam has at least one bearing boundary condition. In another, various 
operation gestalten, a beam has at least one spring boundary condition. 
The beam may have the conditions which combined different boundary 
condition again. 
[0028] 

In the illustrated various operation gestalten, this system is further 
equipped with the stopper arranged between the 1st stable state of a 
beam, and the 2nd stable state. When a beam moves from the 1st stable 
state, this stopper may be arranged near the 2nd stable state of a beam 
so that bias may be carried out to this stopper. 
[0029] 

In the example of the various operation gestalten concerning the system 
and approach of this invention, the system based on a bistability minute 
electronic mechanical system (MEMS) The 1st stable state in which this 
beam hardly receives stress but which it is the beam by which detailed 
machining was carried out, and it presents a predetermined nonlinear 
configuration, The beam which has the 2nd stable state, the actuator 
formed in order to move this beam between the 1st stable state and the 
2nd stable state, and the movable component which moves between the 1st 
location and the 2nd location according to migration between the 1st 
stable state of a beam and the 2nd stable state are included. Actuators 
may be any of a heat actuator, an electrostatic actuator, an 
electrostrictive actuator, and a magnetic actuator. In this actuator, in 
the illustrated various operation gestalten, this actuator contains a 
zipper type electrostatic actuator (zippering electrostatic actuator) 
with another, various operation gestalten including a thermal shock 
actuator. 
[0030] 

In the example of the various operation gestalten about the system and 
approach of this invention, if the 1st force is impressed in the 1st 
direction, it will be the beam by which detailed machining was carried 
out, and the beam which has the 1st stable state in which this beam 
hardly receives stress but, which it presents a predetermined nonlinear 
configuration will shift to the 2nd stable state from the 1st stable 
state. Impression of the 1st force may be constituted as impression of 
the force which used any one of a heat actuator, an electrostatic 
actuator, an electrostrictive actuator, and the magnetic actuators. 
Impression of the 1st force may consist of illustrated various operation 
gestalten as impression of the force which used the thermal shock 
actuator. Impression of the 1st force may consist of another, various 
operation gestalten as impression of the force which used the zipper 



type electrostatic actuator. 
[0031] 

With the illustrated various operation gestalten, if the 2nd force is 
impressed in the 2nd direction, a beam will shift to the 1st stable 
state from the 2nd stable state. Impression of the 2nd force may be 
constituted as impression of the force which used any one of a heat 
actuator, an electrostatic actuator, an electrostrictive actuator, and 
the magnetic actuators. Impression of the 2nd force may consist of 
another, various operation gestalten as impression of the force which 
used the thermal shock actuator or the zipper type electrostatic 
actuator. 
[0032] 

In the example of the various operation gestalten concerning the system 
and approach of this invention, the system based on a bistability minute 
electronic mechanical system (MEMS) is manufactured by specifying with 
lithography the beam which has a predetermined nonlinear configuration 
corresponding to the 1st stable state of a beam. In the illustrated 
various operation gestalten, this manufacture approach contains the step 
which determines the 2nd stable state of a beam by prescribing with 
lithography that a beam becomes further specific geometry (geometry). In 
various operation gestalten, the step which prescribes with lithography 
that a beam has specific geometry contains the step which specifies a 
beam with lithography so that it may have at least one of specific die 
length, specific width of face, specific height, and the specific 
curvatures. With various operation gestalten, the height of a beam is 
defined as the height of a beam becoming larger than the width of face 
of a beam, and the buddings outside the field of a potential beam are 
reduced. 
[0033] 

In the illustrated various operation gestalten, this manufacture 
approach is prescribing with lithography that a beam has further 
specific geometry, and contains the step which determines the delivery 
distance of the beam between the 1st stable state and the 2nd stable 
state. With various operation gestalten, the step which prescribes with 
lithography that a beam has specific geometry contains the step which 
prescribes with lithography that a beam has at least one of specific die 
length, specific width of face, specific height, and the specific 
curvatures. 
[0034] 

In the illustrated various operation gestalten, this manufacture 
approach is prescribing with lithography that a beam has further 



specific geometry, and contains the step which determines the force 
curve of the beam between the 1st stable state and the 2nd stable state. 
In various operation gestalten, the step which prescribes with 
lithography that a beam has specific geometry contains the step which 
prescribes with lithography that a beam has at least one of specific die 
length, specific width of face, specific height, and the specific 
curvatures. 
[0035] 

In the illustrated various operation gestalten, this manufacture 
approach contains further the step which adjoins a beam and forms at 
least one of a heat actuator, an electrostatic actuator, an 
electrostrictive actuator, and a magnetic actuator. With various 
operation gestalten, the step which adjoins a beam and forms at least 
one of a heat actuator, an electrostatic actuator, an electrostrictive 
actuator, and a magnetic actuator contains the step which forms a 
thermal shock actuator. With other various operation gestalten, the step 
which adjoins a beam and forms at least one of a heat actuator, an 
electrostatic actuator, an electrostrictive actuator, and a magnetic 
actuator contains the step which forms a zipper type electrostatic 
actuator. 
[0036] 

In the illustrated various operation gestalten, this manufacture 
approach contains further the step which forms the fixed boundary 
condition of at least one beam. In another, various operation gestalten, 
this manufacture approach contains further the step which forms the 
bearing boundary condition of at least one beam. In other various 
operation gestalten, this manufacture approach contains further the step 
which forms the spring boundary condition of at least one beam. This 
manufacture approach may also contain the step which forms the boundary 
condition of the beam which combined different boundary condition 
further. 
[0037] 

In the illustrated various operation gestalten, the manufacture step 
which defines a beam as a lithography technical target contains the step 
which carries out patterning of the beam to the device layer of a SOI 
(silicon-on-insulator) wafer. This manufacture approach contains the 
step which leaves an insulating layer partially and carries out the 
support stop of the beam to a substrate while it etches a device layer 
and the insulating layer between substrates partially and releases a 
beam further. 
[0038] 



the systems based on a minute electronic mechanical system ( MEMS ) be 
the input section , the output section , the movable component that 
connect between the I/O sections , and the beam by which detailed 
machining be carried out , and contain the beam which have the 1st 
stable state in which this beam hardly receive stress but , which it 
present a predetermined nonlinear configuration , and the 2nd stable 
state in the example of the various operation gestalten concerning the 
system and approach of this invention . In the illustrated various 
operation gestalten, this system is an optical system equipped with the 
optical I/O section. In illustrated another operation gestalt, this 
system is the electronic system equipped with the electronic formula I/O 
section. Furthermore, in another operation gestalt, this system is a 
hydraulic system equipped with the fluid I/O section. In the illustrated 
various operation gestalten, this system contains a data storage system. 
In illustrated another operation gestalt, this system contains a 
switching system. 
[0039] 

The property and advantage of this invention which were mentioned above 
will become clear from detailed explanation of the following about the 
system concerning this invention, and the various operation gestalten of 
an approach. 
[0040] 

[Embodiment of the Invention] 

The various operation gestalten about the system and approach of this 

invention are explained referring to an attached drawing. 

[0041] 

Although this invention is explained referring to an optical switching 
system, it will be understood that this invention is not limited to such 
a system. The system based on the minute electronic mechanical system 
(MEMS) using a bistability condition is set as the object of this 
invention. The following explanation is to show the description of this 
invention, and does not limit this invention to the indicated specific 
operation gestalt. 
[0042] 

The system and approach concerning this invention offer the system based 
on a bistability minute electronic mechanical system (MEMS). In the 
various operation gestalten of this invention, the system based on a 
bistability minute electronic mechanical system (MEMS) is the beam by 
which detailed machining was carried out, and contains the beam which 
has the 1st stable state in which this beam hardly receives stress but, 
which it presents a predetermined nonlinear configuration, and the 2nd 




stable state. The system based on the bistability minute electronic 
mechanical system (MEMS) concerning this invention offers at least one 
side of the bistability actuation by which the engine performance has 
been improved, and the bistability actuation by which effectiveness has 
been improved while offering improvement in the flexibility in a design, 
an improvement of manufacturability, reduction of size and weight, and 
reduction of a manufacturing cost. 
[0043] 

In the illustrated various operation gestalten, a predetermined 
nonlinear configuration contains a simple curve. In another, various 
operation gestalten, a predetermined nonlinear configuration contains a 
compound curve. A compound curve may also contain four for example 
almost same radii. Furthermore, in another operation gestalt, a 
predetermined nonlinear configuration includes a series of segments. A 
predetermined nonlinear configuration specifies the 1st stable state of 
a beam. 
[0044] 

In the illustrated various operation gestalten, the system based on a 
bistability minute electronic mechanical system (MEMS) contains the step 
which prescribes with lithography that a beam becomes a predetermined 
nonlinear configuration corresponding to the 1st stable state of a beam. 
In the illustrated various operation gestalten, the 2nd stable state of 
a beam is searched for by prescribing with lithography that a beam has 
at least one of predetermined geometry, for example, predetermined die 
length, width of face, and the curvatures. Furthermore, another property 
of a beam may be determined by prescribing with lithography that a beam 
becomes specific geometry. Lithography offers the exact and controllable 
production process which does not generate stress. 
[0045] 

In the illustrated various operation gestalten, the method of specifying 
a beam with lithography contains the step which carries out patterning 
of the beam to the device layer of a SOI (silicon-on-insulator) wafer. 
This manufacture approach leaves a part of insulating layer, and 
contains the step which carries out the support stop of the beam to a 
substrate while it etches a device layer and the insulating layer 
between substrates partially and releases a beam further. Since most 
device layers are layers which do not receive stress, they can eliminate 
unnecessary stress out of a beam. 
[0046] 

The system and approach concerning this invention offer bistability 
actuation again. In the illustrated various operation gestalten, if the 



1st force is impressed in the 1st direction, it will be the beam by 
which detailed machining was carried out, and the beam which has the 1st 
stable state in which this beam hardly receives stress but, which it 
presents a predetermined nonlinear configuration will shift to the 2nd 
stable state from the 1st stable state. In the illustrated various 
operation gestalten, if the 2nd force is impressed in the 2nd direction, 
a beam will shift to the 1st stable state from the 2nd stable state. 
[0047] 

At least one side of the beam concerning this invention and bistability 
actuation may be applied to various kinds of applications, and may form 
some large systems. For example, the systems based on a minute 
electronic mechanical system (MEMS) are the input section, the output 
section, the movable component that connects between the I/O sections, 
and the beam by which detailed machining was carried out, and contain 
the beam which has the 1st stable state in which this beam hardly 
receives stress but, which it presents a predetermined nonlinear 
configuration, and the 2nd stable state. Furthermore, these systems may 
be any of an optical system, electronic system, or a hydraulic system. 
Moreover, this system may be a data storage system or a switching system. 
[0048] 

According to the various operation gestalten of illustrated this 
invention, a detailed machining technique and the manufacturing 
technology based on other micro mechanical systems are the beams by 
which detailed machining was carried out, and are used for processing 
the beam which has the 1st stable state in which this beam hardly 
receives stress but, which it presents a predetermined nonlinear 
configuration, and the 2nd stable state. Such a processing technique 
progressed comparatively compared with other possible techniques, and 
brings about a more reliable result and more advanced flexibility. With 
the illustrated various operation gestalten, a bistability beam is 
manufactured using surface micro-processing technique, for example, the 
lithography mentioned above. 
[0049] 

The schematic diagram of the system 100 based on the minute electronic 
mechanical system (MEMS) concerning the 1st operation gestalt of this 
invention is shown in drawing 1 . This system 100 contains 1 set of 
bistability beams 110 shown in drawing according to the 1st stable state. 
Although 1 set of bistability beams are illustrated, it could be 
understood that a single bistability beam may be used. If two or more 
bistability beams are adopted, since a beam will function in cooperation, 
at least one of the engine performance, dependability, and the precision 



improves. The support stop of the bistability beam 110 is carried out to 
a substrate 101 using the boundary condition which combined the suitable 
boundary condition 112, for example, fixed boundary condition, bearing 
boundary condition, spring boundary condition, or different boundary 
condition. In the 1st stable state, the bistability beam 110 becomes a 
predetermined nonlinear configuration, and it is manufactured so that 
the condition of hardly receiving stress may be attained. 
[0050] 

The movable member 120, for example, a waveguide, an optical fiber, etc. 
may be prepared, and you may constitute so that the movable member 120 
may move with the bistability beam 110. As shown in drawing 1 , the 
steady state member 130 corresponding to a waveguide, an optical fiber, 
etc. is fixed to a substrate 101. 
[0051] 

The schematic diagram of the 1st operation gestalt is shown in drawing 
2 . The bistability beam 110 in the 2nd stable state was shown in 
drawing. As illustrated, the movable member 120 moves to the 2nd stable 
state from the 1st stable state with the bistability beam 110, and is 
aligned or connected with the steady state member 130. If Force F is 
impressed to the bistability beam 110 as shown in drawing 1 and drawing 
2 , the bistability beam 110 will move between the 1st stable state and 
the 2nd stable state. 
[0052] 

The schematic diagram showed the bistability beam 110 to drawing 1 and 
drawing 2 . Although a suitable configuration including a simple curve, 
a compound curve, a series of segments, etc. may be used for the 
predetermined nonlinear configuration of a beam, it is not limited to 
these configurations. Thus, a predetermined nonlinear configuration is 
good in the configuration of arbitration where the 1st stable state can 
be specified. 
[0053] 

The schematic diagram of the system 200 based on the minute electronic 
mechanical system (MEMS) concerning the 2nd operation gestalt of this 
invention is shown in drawing 3 . This system 200 contains 1 set of 
bistability beams 210 illustrated by the 1st stable state, and at least 
one actuator 240. The support stop of the bistability beam 210 is 
carried out to a substrate 201 using the suitable boundary condition 212. 
[0054] 

The movable member 220 is arranged, and it constitutes so that the 
movable member 220 may move with the bistability beam 210. The movable 
member 220 shifts to the 2nd stable state from the 1st stable state with 



a bistability beam with an actuator 240. According to the force which an 
actuator 240 impresses to the bistability beam 210, the bistability beam 
210 moves between the 1st stable state and the 2nd stable state. About 
this force, even if you may impress directly or indirectly and contact 
on the bistability beam 210 realizes, you may realize, without 
contacting the bistability beam 210. 
[0055] 

Even if actuators 240 are already any of well-known equipment or the 
equipment developed from now on, they should just be equipment which can 
impress the force of moving a bistability beam between stable states. 
Actuators 240 may be any of for example, a heat actuator, an 
electrostatic actuator, an electrostrictive actuator, and a magnetic 
actuator, or may be the combination of the arbitration. The concrete 
object to apply may be chosen based on the design consideration 
according to a predetermined application. For example, for a specific 
application, a thermal shock actuator or a zipper type electrostatic 
actuator may be convenient. 
[0056] 

As mentioned above, you may build the system based on the minute 
electronic mechanical system (MEMS) concerning this invention into a 
large system or a complex system. For example, as the outline was shown 
in drawing 4 , the optical switching system 300 contains 1 set of 
bistability beams 310. The bistability beam 310 is shown in drawing by 
the 1st stable state which presents a predetermined nonlinear 
configuration and which hardly receives stress. 
[0057] 

The input optical fiber 350 with which this system 300 is equipped 
further, and the output optical fiber 360 are arranged so that it may be 
connected with the waveguide 332, 334 of a different steady state, 
respectively. The movable switching member 320 is located among the 
steady state waveguides 332 and 334, and is relatively movable to this 
steady state waveguide 332,334. The movable switching member 320 is 
arranged, and it constitutes so that it may move with the bistability 
beam 310. The movable switching member 320 may be equipped with the 
array of a waveguide 322 as shown in drawing 4 . 
[0058] 

In use, if Force F is impressed to the bistability beam 310 by the 
actuator (not shown), the bistability beam 310 will shift to the 2nd 
stable state (not shown) from the 1st stable state shown in drawing 4 . 
When the movable switching member 320 moves with the bistability beam 
310, another waveguide 322 connects between the steady state waveguides 



332 and 334. By this approach, the input of one lightwave signal of the 
input optical fiber 350 may be switched between the output optical 
fibers 360. Moreover, the waveguide 322 of the movable member 320 may be 
arranged and a lightwave signal may be switched by moving the movable 
member 320 to compensate for migration of the bistability beam 310 
between the 1st stable state and the 2nd stable state. Furthermore, the 
waveguide 322 of the movable member 320 may be formed so that a 
lightwave signal may be attenuated. 
[0059] 

As shown in drawing 4 , the 2nd stable state may be changed by inserting 
a stopper 370. A stopper 370 is arranged so that one side of the 
bistability beam 310 may contact a stopper 370 before reaching the 2nd 
original stable state. If a stopper 370 is arranged in this way, in the 
2nd stable state, bias of one side of the bistability beam 310 will be 
carried out to a stopper 370. The bistability beam 310 and the movable 
member 320 assist this condition so that it may result in the 2nd stable 
state correctly and certainly. As shown in drawing 4 , upheaval 372 may 
be formed in a stopper 370 and the statical friction between a part of 
bistability beam 310 in a contact condition and a stopper 370 may be 
controlled. 
[0060] 

The graph illustrated to drawing 5 shows the variation rate of the beam 
to the force impressed in order to move a beam, and this force. The 
nonlinear configuration and geometry of a beam determine an actual curve. 
[0061] 

After moving from the 1st stable state, a beam passes an unstable 
equilibrium condition and shifts to the 2nd stable state of the beam 
which is in the stable equilibrium condition. The ideal point line 
showed the location of a stopper 370 in drawing 5 . As illustrated, the 
stopper is formed in the location of about 0.0185mm between an unstable 
equilibrium condition and the stable equilibrium condition applicable to 
the 2nd original stable state. Therefore, a beam will stop, before 
resulting in the stable equilibrium condition applicable to the 2nd 
original stable state. Bias of the beam is carried out to a stopper by 
the stability of the beam which tends toward this stable equilibrium 
condition. 
[0062] 

The system based on a bistability minute electronic mechanical system 
(MEMS) may be manufactured according to this invention by specifying a 
beam equipped with the predetermined nonlinear configuration 
corresponding to the 1st stable state of a beam with lithography. As a 



lithography technique, common knowledge or the lithography technique of 
the arbitration developed from now on may be used. With lithography, a 
property, for example, the configuration, geometry, etc. of a beam can 
be manufactured correctly. 
[0063] 

As mentioned above, the predetermined nonlinear configuration of a beam 
specifies the 1st stable state of this beam. The geometry of a beam 
specifies the 2nd stable state of this beam similarly. Therefore, 
according to the various operation gestalten of this invention, this 
manufacture approach is prescribing with lithography that a beam has 
further predetermined geometry, and contains the step which determines 
the 2nd stable state of a beam. Predetermined geometry may contain one 
or more, even if there are little predetermined die length, 
predetermined width of face, and predetermined curvature. It will be 
understood that height may be specified with the thickness of the 
ingredient layer by which a beam is created. 
[0064] 

Moreover, lithography may prescribe the predetermined geometry of a beam 
and other various properties of a beam may be specified. For example, 
the geometry of a beam may be specified so that at least the delivery 
distance of a beam and one side of a force curve may be specified. 
[0065] 

With the illustrated various operation gestalten, the actuator related 
with a bistability beam is formed using lithography. Similarly, the 
boundary condition of a bistability beam may also be formed using 
lithography technique. Moreover, although other same manufacturing 
technologies may be used, if the whole system is manufactured by the 
same technique, it is advantageous at the point which reduces the 
independent approach step, for example and can simplify a stroke. 
[0066] 

As mentioned above, a beam may carry out patterning of the beam within 
the device layer of a SOI wafer, and may specify it with lithography. 
While etching a device layer and the insulating layer between substrates 
partially and releasing a beam, it leaves a part of insulating layer, 
and the support stop of the beam is carried out to a substrate, the 
amount of [ which carries out the support stop of the beam ] insulating 
layer specifies desired boundary condition on a beam — as — patterning 
— and it etches. 
[0067] 

The example of the technique suitable for manufacture of the bistability 
beam within a device layer is indicated by the United States patent 



application 09th under coincidence connection which uses the whole as it 
is for reference / No. 467,526, the 09th / No. 468,423, and the 09th / 
No. 468, 141. Another suitable technique is indicated by the United 
States patent application 09th under coincidence connection which uses 
the whole as it is for reference / No. 718,017. 
[0068] 

Generally, the step of a planar production process is used in detailed 
machining of a polish recon front face. This step is a step common to 
the (integrated-circuit IC) manufacture industry which manufactures a 
minute electronic machinery and micro mechanical equipment. Like a 
standard block assembler, the step which forms an alternative layer and 
carries out patterning with a photolithography technique on a substrate 
is included. An alternative layer contains polycrystalline silicon with 
low stress, and a sacrifice layer like the silicon dioxide for example, 
on a substrate. The beer etched through the sacrifice layer provides 
between polycrystalline silicon layers and a substrate with a support 
point. Patterning of the polycrystalline silicon layer is carried out, 
and the mechanical component of detailed machining equipment is formed. 
A mechanical component is formed for every layer in this way at a series 
of steps of a vacuum evaporationo process and a patterning process. A 
silicon-dioxide layer is removed by exposing after that to the 
alternative etching reagent which does not adhere to a polycrystalline 
silicon layer, for example, a hydrofluoric acid etc., (HF). The 
mechanical component formed in the polycrystalline silicon layer is 
released by this, and actuation of a mechanical component is attained. 
[0069] 

Although this invention was explained referring to various operation 
gestalten, I will be understood if it is this contractor for various 
kinds of replacement, correction, and modification to be possible. 
Therefore, all of correction and modification are the things from which 
it does not swerve to the pneuma and the range of this invention and 
which are included by the range of this invention exchangeably. 
[Brief Description of the Drawings] 

[Drawing 1] It is the schematic diagram of the 1st operation gestalt of 
the minute electronic mechanical system (MEMS) containing the 
bistability beam concerning this invention. 

[Drawing 2] It is the schematic diagram having shown the 1st operation 
gestalt of drawing 1 according to the 2nd stable state. 
[Drawing 3] It is the schematic diagram of the 2nd operation gestalt of 
the minute electronic mechanical system (MEMS) containing the 
bistability beam concerning this invention, and an actuator. 



[Drawing 4] It is the schematic diagram having shown the operation 
gestalt of the optical switching system containing the bistability beam 
concerning this invention according to the 1st stable state. 
[Drawing 5] It is a graph showing the force curve of the operation 
gestalt of drawing 4 in the equilibrium condition by which the 2nd 
stable state was stabilized. 
[Description of Notations] 

100, 200, 300 The system and 101, 201 based on a minute electronic 
mechanical system (MEMS) A substrate and 110,210,310 A bistability beam 
and 112,212 Boundary condition and 130 A steady state member and 240 An 
actuator and 300 An optical switching system and 320 A movable member 
and 332,334 A waveguide and 350 An input optical fiber and 360 An output 
optical fiber and 370 Stopper. 
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